This paper reviews the current literature on clinical guidelines, practitioner training, and government/payer policies that have come forth in response to the national rise in prescription opioid overdoses. A review of clinical opioid prescribing guidelines highlights the need for more research on safe and effective treatment options for chronic pain, improved guidance for the best management of post-operative pain, and evaluation of the implementation and impact of guideline recommendations on patient risk and outcomes. Although there is increasing attention to training in pain management in medical schools and medical residency programs, educational opportunities remain highly variable, and the need for additional clinician training in the recognition and treatment of pain as well as opioid use disorder has been recognized. Mandated use of private, federal and state educational and clinical initiatives such as Risk Evaluation and Mitigation Strategies (REMS) and Prescription Drug Monitoring Programs (PDMPs) generally increase utilization of these initiatives, but more research is needed to determine the impact of these initiatives on provider behaviors, treatment access, and patient outcomes. Finally, there is an acute need for more research on safe and effective treatments for chronic pain as well as an increased multi-level focus on improving training and access to evidence-based treatment for opioid use disorder as well as non-pharmacologic and non-interventional chronic pain treatments, so that these guideline-recommended interventions can become mainstream, accessible, first-line interventions for chronic pain and/or opioid use disorders.
Introduction
Chronic pain is complex and poorly understood, affecting approximately 20 million patients every year (Nahin, 2012) . Although chronic pain can be managed with a variety pharmacological and nonpharmacological interventions, most of these treatments have not been evaluated in long-term studies, and there is great heterogeneity in patient presentation, course of illness, and response to treatment in chronic pain. Front-line health care providers are challenged to choose the most feasible, effective and safe treatment for each patient with this complex illness within the time constraints of routine office visits with little quality evidence to guide them.
Two of the most commonly used medications for chronic pain are non-steroidal antiinflammatory drugs (NSAIDs) and opioid pain medications. NSAIDs are widely taken and prescribed for the treatment of pain and inflammation in patients with various musculoskeletal conditions, with over 17% of people in the US reporting use of at least one NSAID in the past week (Kaufman et al., 2002) . Prescription opioids are also commonly prescribed for pain. In 2012, US health care practitioners wrote more than 200 million prescriptions for opioids, double the number written in 1998, and 10 million more than in 2008 (Volkow, 2016) . Although NSAIDs are associated with an array of potentially serious side effects and risks (Trelle et al., 2011) , the increasing use of prescription opioids has been associated with an exponential rise in fatal opioid overdoses totaling more than 16,000 deaths per year (CDC, 2015) . Because of this appreciable mortality risk with opioids, there has been a call for increased clinical guidance, training and mandates, aimed at practitioners prescribing opioids for pain. This paper will review the current literature on physician guidelines, practitioner training, and government/payer policies that have come forth in response to the national rise in opioid overdoses.
Clinical guidelines for chronic pain management with opioids
To address concerns about high rates of prescription opioid overdose, several organizations have developed clinical practice guidelines focused on improving the safe and effective opioid prescribing for chronic non-cancer pain. Although there is a paucity of quality research in the area of long-term pain management (including opioid use), there is a general consensus that given the high levels of opioid overdose, it is prudent to move forward with guidelines based on the best currently available evidence until more rigorous research data becomes available. Existing pain guidelines caution that most recommendations are based on systematic reviews of research with notable limitations (mostly observational trials) as well as expert assessment of different care options chronic pain management. Guidelines emphasize that optimal clinical decision-making is based upon a clinician-patient relationship, taking into consideration each patient's unique needs and circumstances, and that recommendations are not to be taken as prescriptive standards of care (Dowell et al., 2016a) .
Opioid prescribing guidelines for chronic pain, 2009-2012
There has been one systematic review of opioid prescribing guidelines to date. A 2014 "systematic review and critical appraisal" evaluated the quality and content of 13 eligible pain guidelines published after 2008 addressing the use of prescription opioids for chronic pain in adults (Nuckols et al., 2014) . The authors noted great variability in the quality of the opioid pain guidelines, which is not unusual compared with guidelines for other conditions such as breast cancer, migraine management, or mammography screening. However, compared with guidelines for other medical conditions, the opioid pain guidelines scored appreciably lower in the domain of "applicability," which measures how the guidelines address likely barriers and facilitators of implementation of the recommendations, strategies to improve implementation of the recommendations, and resource implications of applying the recommendations. When the quality of the systematic review supporting each opioid pain guideline was evaluated, 10 of the 13 guidelines were found to be of poor or fair quality. Guidelines developed by the American Pain Society and the American Academy of Pain Medicine (Chou et al., 2009) and Canadian National Opioid Use Guideline Group (2010), had the highest quality scores. However, the authors note that even "the higherquality guidelines generally relied on modest numbers of lower-quality observational studies for many recommendations" (Nuckols et al., 2014) , a severe limitation common to all pain guidelines.
Despite variability in development methods, time range over which the guidelines were published, and the limited quality of evidence available, many of the evaluated guidelines made concordant recommendations about possible strategies for reducing risks of prescription opioids. This suggests clinical consensus on some measures, including: using caution with methadone, fentanyl, and higher doses of opioids (90-200 mg daily morphine milligram equivalent [MME]); titrating and switching opioids with caution; attention to drug-drug (particularly opioid-benzodiazepine) and drug-disease (e.g., sleep apnea and opioids) interactions; and incorporating office-based practices such as the use of risk assessment tools, treatment agreements, and urine toxicology for patients on opioids for chronic pain (Nuckols et al., 2014) . The review suggested that developers of future opioid guidelines incorporate tools such as the GuideLine Implementablity Appraisal tool (Chan, 2010) to address the barriers to guideline implementation and improve the "applicability" of opioid prescribing guidelines (Nuckols et al., 2014) . They also called for future research to evaluate the effectiveness and impact of guideline recommendations on patient risk and patient outcomes, as there have been no evaluations of outcomes related to guideline implementation to date (Nuckols et al., 2014) .
2.1.1. CDC opioid prescribing guidelines, 2016-Since publication of the review by Nuckols et al. (2014) , the Center for Disease Control (CDC) has published an update to their Guidelines for Prescribing Opioids for Chronic Pain (Dowell et al., 2016a) . Targeted at primary care clinicians, the CDC guideline makes 12 explicit recommendations: six are based on Type 4 evidence (clinical experience/observations; or observational or randomized controlled trials [RCTs] with several major limitations); four are based on Type 3 evidence (observational studies or RCTs with notable limitations); and one is based on Type 2 evidence (RCTs with important limitations or exceptionally strong evidence from observational studies). There was no Type 1 evidence available for this guideline (RCTs or overwhelming evidence from observational studies). The CDC guideline group based recommendations upon a clinical evidence review funded by the Agency for Healthcare Research (Chou et al., 2012 (Chou et al., , 2015 on the risks and effectiveness of long-term (outcomes > 1 year) opioid therapy for chronic pain, as well as a "contextual review" of several topics published separately that supplemented the clinical evidence review and allowed outcomes of any duration (Dowell et al., 2016b) . The contextual reviews streamlined the systematic review process by limiting searches and providing informal assessments of evidence quality (rather than an objective system of rating the quality of the research review). Although the authors caution that the rapid reviews "provide indirect evidence and should be interpreted accordingly" (Dowell et al., 2016a) , this expedited approach was felt to be necessary given the public health urgency and need for opioid prescribing recommendations in a short time frame.
Of the 12 recommendations put forth by the CDC, the one supported with the highest level of evidence addresses the treatment of opioid use disorders (OUD): "Clinicians should offer or arrange evidence-based treatment (usually medication-assisted treatment with buprenorphine or methadone in combination with behavioral therapies) for patients with opioid use disorder" (Dowell et al., 2016a) . This is the only recommendation within the guideline based on Type 2 evidence, with the overall quality of the evidence rated as "moderate" (Dowell et al., 2016b) . In the contextual review (Dowell et al., 2016b) , the authors summarize four systematic reviews to support this recommendation: two evaluating methadone maintenance treatment vs non-replacement treatment (Fullerton et al., 2014; Mattick et al., 2009) ; one evaluating psychosocial and pharmacologic treatments vs pharmacologic (only) treatments for opioid detoxification (Amato et al., 2011) ; and one evaluating buprenorphine vs placebo or methadone for treatment of opioid use disorder (Mattick et al., 2014) . Two reviews included participants who were heroin-dependent, and the other two reviews did not specify type of opioid dependency. Key findings of the reviews include: a moderate level of evidence of high treatment drop-out rates with opioid detoxification; high quality evidence that methadone maintenance treatment (MMT) is effective in decreasing illicit opioid use, improving treatment retention, and decreasing mortality; moderate quality evidence that MMT is effective in reducing criminal activity; and high quality evidence that buprenorphine is effective (no difference in efficacy vs MMT) in decreasing heroin use at doses of 16 mg or more, but less effective for treatment retention than MMT (Dowell et al., 2016b) . The evidence for the effectiveness of buprenorphine in prescription OUD will be reviewed separately within this supplement.
In keeping with previous pain guidelines, the CDC guideline recommends the use of urine toxicology and prescription drug monitoring program (PDMP) data, acknowledging in the contextual review that clinicians do not consistently use these practices, education in data interpretation is needed, and there are risks with these practices (false positives, incorrect interpretation of data; Dowell et al., 2016b) . Nonpharmacologic and nonopioid pharmacologic therapy for chronic pain are also still recommended, as there is some evidence for short-term effectiveness of these approaches, and they have less overdose risk than opioid therapy (Dowell et al., 2016b) . Finally, these guidelines continue to recommend avoiding methadone, transdermal fentanyl, and concurrent prescriptions of benzodiazepines and opioids.
In contrast with some previous pain guidelines, CDC guidelines do not explicitly suggest a written patient-provider agreement, but rather suggests setting treatment goals, detailing treatment expectations, and discussing alternatives/risks/benefits of opioids. Additionally, using a 1 year outcomes criteria to evaluate the benefits of opioid therapy, no studies qualified for the clinical evidence review, leading to the conclusion that, "No evidence shows a long-term benefit of opioids in pain and function vs no opioids for chronic pain with outcomes examined at least 1 year later (with most placebo-controlled randomized clinical trials </ = 6 weeks in duration)" (Dowell et al., 2016a) . This is a notable change in language from previous pain guidelines, which included studies with outcomes less than 1 year and concluded that "chronic opioid therapy can be an effective therapy for carefully selected and monitored patients with CNCP [chronic non-cancer pain]" (Chou et al., 2009) . Lastly, based on Type 3 evidence (Edlund et al., 2014; Dunn et al., 2010; Gomes et al., 2011a Gomes et al., , 2011b Gomes et al., , 2013 , the CDC guidelines recommended reassessing individual benefits and risks of opioids at doses of "50 morphine milligram equivalent [MME] or more per day, and should avoid increasing dosage to 90 [MME] or more per day or carefully justify a decision to titrate dosage to 90 [MME] or more per day" (Dowell et al., 2016a) . This was a significant decrease from previous guideline-recommended risk threshold of 90-200 MME (Nuckols et al., 2014) .
Other new CDC guideline recommendations include using immediate release opioids when initiating opioid treatment, using a validated pain scale, avoiding combination of immediaterelease and long-acting opioids and offering naloxone for overdose reversal to high-risk patients (Dowell et al., 2016a) .
Summary
Given the continued high rates of opioid prescribing despite the large number of deaths related to opioid use, the most recent pain guidelines send a clear, strong message to prescribers about the risks of prescription opioids. Pain guidelines to date have been hindered by the paucity of quality clinical research in the area of pain management and must be interpreted and implemented within the context of the appreciable limitations of the data on which they are based. These recommendations should not be interpreted as a standard of care. However, given the pressing public health problem of inappropriate opioid use and overdose, there is a clear need for consensus and guidance for front-line clinicians on risk reduction measures that can be implemented now while more rigorous studies are completed.
Of the available treatments for chronic pain reviewed in opioid guidelines, nonpharmacologic treatments such as cognitive-behavioral therapy, exercise therapy, and biopsychosocial rehabilitation appear to offer the most promise with the least amount of risk (Dowell et al., 2016b) . However, these modalities can be difficult to access from a logistic and financial standpoint, particularly for those of low socio-economic status, a group at particular risk for overdose (Gomes et al., 2011b) . When evaluating pharmacologic options for the management of chronic pain, the treatment of neuropathic pain and fibromyalgia with anticonvulsants and SNRIs appears to be effective with a good risk:benefit ratio (Dowell et al., 2016b) . For the management of other chronic pain conditions, such as chronic back pain, the risk:benefit ratio for pharmacologic options is less clear (Dowell et al., 2016b; Schnitzer et al., 2004; Urquhart et al., 2008) . As opioid guidelines are primarily intended to provide guidance on opioid use, the role of interventional and surgical management of chronic pain conditions are generally not reviewed. However, a critical review of the long-term effectiveness of all non-opioid options for the treatment of chronic pain is warranted, as decreasing the use of opioids in an attempt to decrease overdose mortality does not address the pressing clinical issues for the individual patient and primary care physician regarding the paucity of effective long-term treatments for chronic pain.
Aside from the great need for better quality research in chronic pain management, opioid pain guidelines also highlight the need to evaluate the effects of guidelines on clinical practice behaviors and patient outcomes, including overdose mortality, opioid abuse, access to care and medications, and pain and functional measures. There is also a call to improve the applicability of guidelines by pre-emptively addressing barriers to implementation, using items such as the GuideLine Implementablity Appraisal tool (Chan, 2010) . Finally, policymakers and payers must improve access to the non-opioid therapies and treatment for opioid use disorder and funding agencies must support more research on long-term treatment options for chronic pain.
Clinical guidelines for post-operative pain management

Post-operative opioid pain management
Post-operative pain is an anticipated outcome following a surgical procedure with 80% of patients experiencing post-operative pain and approximately 75% describing moderate-tovery severe pain intensity (Apfelbaum et al., 2003; Gan et al., 2014) . Opioid medications are commonly prescribed as part of a multimodal postoperative pain management strategy. However, despite expert consensus recommending tapering of these medications following a surgical procedure, there are no studies to date that provide guidance on the optimal method for opioid cessation following surgery . This may, in part, be due to the fact that there is significant variability in surgical procedures and anticipated recovery times (e.g., invasive vs. non-invasive, traumatic vs. elective), individual variability in patient health characteristics (e.g., young and healthy vs. older with multiple chronic diseases) and factors that impact drug metabolism (e.g., opioid naïve vs. opioid tolerant). However, without some sort of prescribing guidelines there is likely a tremendous amount of variability in postsurgical opioid prescribing practices and little is known about the risks and benefits of tapering strategies.
Recently, the American Pain Society, in collaboration with the American Society of Anesthesiology and American Society of Regional Anesthesia and Pain Medicine, published guidelines on the management of post-operative pain including transition to outpatient care following surgery . Despite an extensive review of the literature, they found only anecdotal reports and clinical experience to guide providers in post-operative opioid cessation strategies.
Based on limited literature, the main strategies recommended for post-operative opioid cessation were patient and family discharge education related to the safe use, cessation and disposal of opioid medications and clarity around the patient's transition back to their medical home . Key treatment team members involved in these discussions can include prescribers, nurses, physical or occupational therapists and pharmacists. The treatment team should provide information to the patient and caregivers about potential risks associated with opioid medications including common side effects like constipation, sedation, withdrawal symptoms with abrupt discontinuation as well as risk for addiction andunintentional overdose and death, especially when opioids are combined with other central nervous depressants including alcohol or benzodiazepines Dowell et al., 2016a) . Discharge teaching should include a plan for reduction and discontinuation of opioid medication as pain and functioning improve. Although there is insufficient evidence to support recommendations on how to best taper opioids, in general, experts recommend that for patients using opioid for one-two weeks, dose reduction by 20-25% every 1-2 days should be sufficient to prevent withdrawal symptoms . Similarly, there is insufficient evidence to support recommendation on when to best taper opioids post-surgically and experts highlight the need for individualized treatment plans for patients. Patient's chronically prescribed opioids prior to surgery should also be instructed on how to taper their post-operative opioid medications to their pre-operative maintenance dose, but there is a paucity of evidence to support recommendations on when or how to best taper these medications (Huxtable et al., 2011; Shah et al., 2015) .
For opioid tolerant patients, pre-operative planning is critical and it should be anticipated that they will require larger doses of opioid medications to control their operative and postoperative pain, compared to opioid-naïve patients. A theoretical and controversial practice includes lowering the pre-operative dose of opioid medication in opioid-tolerant patients one to two weeks prior to surgery so that opioid tolerance is reduced and thus less opioid medication is needed operatively or post-operatively to manage pain. However there is a paucity of data to support this practice as well as the increased potential for uncontrolled post-operative pain.
3.1.1. Post-operative dental pain-Dentists prescribe 8% of the opioids in the U.S. totaling 18 million prescriptions a year, second only to primary care physicians (Governale, 2010) . These opioid prescriptions are most often directed at the management of acute and post-operative pain, but over 25% of the prescriptions dentists write for chronic pain are opioids (Ringwalt et al., 2014) . Notably, this rate of prescribing occurs despite there being fair evidence for the effectiveness of non-opioid dental treatments, including surgical interventions (Hargreaves and Baumgartner, 2002) , mandibular long-acting anesthetic injections (Gordon et al., 1997 (Gordon et al., , 2010 , pre-operative and post-operative NSAIDs (which have been shown to as effective as opioids for many , and pre-procedural analgesics (acetaminophen; Denisco et al., 2011 ). An important dental population exposed to opioids include the 5 million people per year undergoing 3rd molar extraction (Becker, 2010) . This prophylactic procedure is responsible for approximately 3.5 million young adults being exposed to opioid pain medications per year (Friedman, 2007) , though systematic reviews and randomized-controlled trials have shown combination therapy with ibuprofen and acetaminophen to be more effective than either agent alone and as effective as opioid-acetaminophen combinations with fewer side effects (Moore and Hersh, 2013) . The only dental pain management guideline available is the 2015 Pennsylvania Guideline on the Use of Opioids in Dental Practice (Pennsylvania Dental Association, 2015) . This guideline is not based on a systematic review, but references the APS-AAPM Pain Guidelines (Chou et al., 2009 ) and recommends (1) NSAIDs and non-opioid analgesics as first line treatments for acute dental pain (with appropriate attention to risks); (2) use of the state's prescription monitoring program; (3) not prescribing more opioids than needed; (4) educating about safe disposal of unused medications (a particular risk for dental patients); and (5) avoiding longacting opioids, opioids with benzodiazepines or opioid use in patients with obstructive sleep apnea (Pennsylvania Dental Association, 2015) . Given the relatively clear risk: benefit advantage of non-opioid treatments for the management of acute and post-operative dental pain and the high rates of opioid use in dental medicine, a formal systematic review and evidence-based guideline development could have a high-impact in an at-risk population.
3.1.2. Post-operative pain in opioid use disorders (OUDs)-Opioid agonist therapies such as methadone or buprenorphine are effective treatments for patients with OUDs. Both the anesthesia and psychiatric literature have highlighted the clinical challenges to treating post-operative pain in patients with OUDson maintenance medications including high opioid tolerance (Gutstein and Akil, 2001; Fishman et al., 2002; Johnson et al., 2005; Walsh and Eissenberg, 2003) , opioid cross-tolerance (Collett, 1998; Doverty et al., 2001; Houtsmuller et al., 1998) , heightened pain sensitivity due to hyperanalgesia (White, 2004; Alford et al., 2006) , licit and illicit drug use Huxtable et al., 2011; Shah et al., 2015) and conflicting attitudes about pain and addiction treatment held by patients and medical providers (Alford et al., 2006) . Unfortunately, few studies have systematically evaluated the efficacy of post-operative pain treatment strategies for those maintained on methadone or buprenorphine. In a recent review of this topic, pain treatment in this population has largely been guided by case reports, retrospective reviews, pharmacological principles, clinical experience and expert opinion (Eyler, 2012) . Overall recommendations are similar to treating those with general opioid tolerance, including the need to use larger amounts of opioids for longer periods of time to adequately treat acute post-operative pain (Mitra and Sinatra, 2004; Lewis and Williams, 2005; Mehta and Langford, 2006; Vadivelu et al., 2016; Dale et al., 2016) . Similar to opioid-tolerant patients, there are no controlled studies to guide the specifics of these recommendations for patients with OUDs (Eyler, 2012) , an important area for future investigation. Currently, efforts are underway to develop evidence-based best practices and guidelines for opioid tolerant patients undergoing surgery including those with OUDs receiving agonist therapy (Dykstra, 2014) .
One issue debated in the extant literature that may differentiate the management of postoperative pain in those with OUDs receiving maintenance medication, compared to opioid tolerant patients treated for pain conditions, is physician concern that use of these medications will result in relapse to drug use (Alford et al., 2006; Collins and Streltzer, 2003; Wolfred et al., 2009 ). Unfortunately there are few studies that address this concern. One small retrospective study conducted among methadone maintenance patients found that those who received post-surgical opioids following surgery were not at greater risk of relapse, compared to matched controls receiving methadone but not undergoing surgery and acute pain management (Kantor et al., 1980) . Studies evaluating the risk of relapse to drug use due to prescribing opioid for post-operative pain management are sparse and limited by small sample sizes. An increased understanding of actual risk of relapse and potential strategies to minimize this risk in individuals on opioid agonist therapy experiencing postoperative pain are greatly needed.
Another theoretical issue is the fact that buprenorphine can potentially present additional pain management challenges due to its high affinity and slow dissociation at the mu opioid receptor making it more difficult to provide adequate pain control with other opioid agonist therapies (Alford et al., 2006; Vadivelu et al., 2016) . However, data to support this claim is conflicting, with case reports demonstrating adequate post-operative pain control with the use of additional opioid therapies in those on buprenorphine maintenance (Alizadeh et al., 2015) and other case reports demonstrating inadequate post-operative pain control (Alford et al., 2006) . Determining the efficacy of post-operative pain management strategies for patients maintained on buprenorphine is another important line of investigation.
Women in labor and delivery with OUDs on opioid maintenance medications are a subpopulation of patients where more extensive clinical research is available to evaluate the efficacy of post-operative pain management. In one study including 68 pregnant methadonemaintained women, there were no differences, compared to controls, in intrapartum pain or analgesia use (Meyer et al., 2007) . After vaginal delivery, methadone-maintained women experienced more pain, compared to controls, but there were no differences in opioid use. Following a cesarean delivery, methadone-maintained women had similar pain experiences and perioperative analgesic needs, compared to controls, but required 70% more opioid analgesic after cesarean delivery. These findings are similar to another study of 63 pregnant buprenorphine-maintained women who had similar intrapartum pain and analgesic needs during labor, increased pain but no increase in analgesia use following vaginal delivery, but experienced more postpartum pain and required 47% more opioid analgesia following a cesarean delivery, compared to matched controls (Meyer et al., 2010) . Lastly, one study compared pain experiences and analgesia use among pregnant buprenorphine maintained (n = 8) and methadone-maintained (n = 10) pregnant women and demonstrated that both groups had similar and adequate postpartum pain control with opioid and non-opioid medication (i.e., Ibuprofen; Jones et al., 2009) . Differences between these two groups were found in the use of Ibuprofen with the buprenorphine group decreasing their dose of ibuprofen and the methadone group increasing their dose over time. Limited data support the clinical recommendations to continue maintenance medications in pregnant women during and after labor and delivery while providing additional opioid and non-opioid pain medications at higher doses than typically used for opioid naïve pregnant women.
In summary, post-operative clinical pain guidelines suggest that providers should not continue opioid medications beyond post-surgical pain or if pain persists beyond the expected period of time, but there are no clear guidelines on what the appropriate timing for tapering opioids post-operatively. Currently, clinical guidelines suggest that there is 'no one size fits all' approach to the management of post-operative pain, but clinicians should balance concerns of minimizing suffering and maximizing rehabilitation while managing the potential for unintentional consequences of these medications (Bourne, 2010; Alford et al., 2006; Mitra and Sinatra, 2004; Lewis and Williams, 2005; Mehta and Langford, 2006) .
There is increased need for data to guide the development of post-operative pain guidelines and guidelines to address sub-specialty populations such as dental patients, peri-partum patients, and opioid tolerant patients with and without opioid use disorders.
Clinician training in pain management and substance use disorders
The issues surrounding opioid prescribing in the United States have also brought attention to the education of physicians and other healthcare providers in the management of pain and the recognition and treatment of substance use disorders (SUDs). A survey of Kaiser Permanente's clinical department chiefs for internal medicine, pediatrics, general surgery, and obstetrics/gynecology conducted in 2010 noted a deficiency in newly trained physicians in the management of chronic pain (Crosson et al., 2011) . A 2010 National Pain Summit (Lippe et al., 2010) concluded that medical education in the field of pain was inadequate and needed to be strengthened in scope, content, and duration. In response to the opioid epidemic, medical schools across the country have implemented changes in their curriculum to include a greater focus on pain management, opioid prescribing and SUDs. A national survey of primary care physicians and adults receiving care for substance use disorders found that more than 50% of patients reported that their physicians did not address their SUDs and only 25% were involved in their decision to seek treatment while less than 20% of primary care physicians considered themselves prepared to identify alcohol or drug dependence (CASA, 2000) . Using data collected from the 2009-2010 Liaison Committee on Medical Education (LCME), the accrediting body for medical education programs, only 80% of U.S. medical schools required 1 or more pain sessions, while twice as many sessions were required in 92% of Canadian medical schools (Mezei et al., 2011) . In the LCME survey for 2014-2015, 136 of 141 medical schools reported that content on SUDs and pain management was included in required coursework, suggesting a great increase (Association of American Medical Colleges, 2016). The Association of American Medical Colleges estimates that 93% of US medical schools planned or implemented changes in curriculum to address opiates, pain and SUDs in the last 5 years. For example, in the state of Massachusetts, four medical schools worked with the state medical society to develop a set of 10 core competencies in pain management and addiction which have been integrated across the 4 years of medical school training through experiential and didactic training (O'Rourke, 2016) .
Residency programs provide another opportunity for training in pain management and the treatment of substance use disorders (SUDs). A survey conducted in 2000 found that only 56.3% of medical subspecialty residencies requiring SUD training with curricular hours ranging from 3 in emergency medicine and obstetrics and gynecology to 12 in family medicine (Isaacson et al., 2000) . A number of SUD training initiatives for primary care residents have been developed, evaluated and found to be effective (Polydorou et al., 2008) , but SUD training is not required and therefore not consistently available in primary care residency programs. However, beginning in 2001, general psychiatry residency programs were required to provide a 1-month training experience in addictions to all residents (ACGME, 2016). In addition, physicians who have completed a residency in psychiatry can pursue certification in Addiction Psychiatry through an ACGME-accredited fellowship program. In March, 2016, Addiction Medicine was recognized as a new subspecialty under the American Board of Preventive Medicine (ABPM), allowing primary care physicians and physicians from other medical specialties to pursue certification in Addiction Medicine.
In terms of pain management training in residency, a survey of physicians practicing in 2000 found that although only 10% reported receiving formal training in pain management during residency, younger physicians were more likely have received training, suggesting that there may be increasing attention to training in pain management in some residency programs (Green et al., 2001) . Accredited post-graduate fellowship training in pain medicine is available for specialists in select fields, such as anesthesiology, neurology, psychiatry and rehabilitation medicine (Lippe et al., 2010) , but not for general practitioners. There are multiple on-line and face-to-face courses in pain management targeting physicians offered by Universities, for-profit CME companies and professional organizations, but participation in these post-graduate training forums is variable.
The need for physician training in pain management and recognition and treatment of SUDs has been recognized as one element that can improve the opioid crisis in the United States and lead to better patient care. However, this is a long-term solution that is not likely to have an immediate impact. Careful evaluation of the educational programs that have been introduced will be important to setting standards for training in these critical areas in the future.
Policy impacting physician guidelines and training
Physician guidelines and training for pain management have historically been impacted by federal and state legislative efforts, as well as payer-issued policies and mandates such that policy codifies guidelines and/or promotes or mandates training deemed necessary to comply with a given policy (Brennan, 2015) . As national attention to the rise in prescription opioid abuse and overdose has grown, the majority of these policy efforts have focused on the appropriate use of prescription opioids for pain management with the aim of balancing adequate pain management with mitigation of risks associated with the use of prescription opioids (Brennan, 2015; Hill, 1996; Manchikanti et al., 2016) . In 2011, the Office of National Drug Control Policy (ONDCP, 2011) first directly addressed the prescription opioid abuse epidemic in its National Drug Control Strategy. Updated annually, the National Drug Control Policy has focused recommendations on four strategic components: (1) educating patients, providers, youth, and parents regarding the dangers of nonmedical opioid use and diversion, as well as educating health-care providers about pain medicine prescribing; (2) enhancing and supporting prescription drug monitoring efforts; (3) ensuring proper disposal through increased prescription return/drug take-back programs and drug deactivation systems; and (4) enhancing enforcement (ONDCP, 2015) . The following section will provide a brief overview of major federal, state, and payer policies that currently impact physician prescribing guidelines and training pertinent to the use of opioids for pain management.
Federal policy
Policy initiatives of enforcement and education have traditionally been executed primarily by two federal agencies -the Drug Enforcement Agency (DEA) and the Food and Drug Administration (FDA) that together determine the schedule of specific prescription opioid formulations (Stayner and Copenhaver, 2012) . In addition, the DEA is responsible for licensing physicians and eligible healthcare providers to prescribe controlled substances and has primary, though not exclusive, authority to prevent, detect, and investigate the diversion of controlled substances by healthcare prescribers (Good, 1998) . The FDA is also responsible for assuring the safety, efficacy, and security of human drugs via their approval process, as well as for implementing post-marketing monitoring of drug safety and providing accurate, evidence-based information regarding the safest use of medicines to the general public.
In 2012, the FDA exercised its authority to require single shared Risk Evaluation and Mitigation Strategies (REMS) program from drug manufacturers of extended release/long acting (ER/LA) opioids (FDA, 2016) . REMS were intended to help balance the risk/benefit profile of certain opioid medications by requiring manufacturers to provide training and education to physicians regarding universal precautions in opioid prescribing, updated medication guides for each product, and patient counseling documents (Nicholson et al., 2012; Stanos, 2012) . It is important to note that REMS requirements mandate that drug manufacturers produce educational materials for specified products; however, there is no accompanying mandate to ensure dissemination of these educational products amongst prescribing physicians. As such, prior REMS programs have suffered low physician participation rates and failed to demonstrate desired effects on prescribers' knowledge (Brooks, 2014; FDA, 2014; Woodcock, 2009) . In response, the ER/LA REMS program was the first to leverage prescriber trainings offered through existing, accredited continuing education (CE) providers (Center for Health Policy, 2015). REMS-compliant CE modules are required to cover all elements of the FDA Blueprint for Prescriber Education for ER/LA Opioids, include a knowledge assessment component, and be subject to independent audit (FDA, 2012) . Despite documented performance targets for prescriber training, to date the execution and effectiveness of ER/LA class REMS physician training/education has not been systematically evaluated (Center for Health Policy, 2015; Rodriguez-Monguio et al., 2014) .
State policy
The majority of policy influencing pain management recommendations and impacting opioid prescribing has been enacted at the level of state government. An increasing number of state governments and medical licensing boards have mandated some level of physician CE focused on pain management (American Medical News, 2012); however, a recent systematic legal analysis of state CME requirements reported that only five states require most or all prescribers to complete such CE courses and fewer than half of all states require CE from any prescribers (Davis and Carr, 2016) . One of the common themes of state legislation includes expansion of naloxone access for overdose treatment (National Conference of State Legislations, 2014) . Naloxone expansion policies have been enacted in 43 states and Washington D.C. (Davis and Carr, 2015) , yet despite the prevalence and effectiveness of naloxone expansion policies, prescription status and cost of naloxone remain notable barriers to widespread uptake, even in states with laws targeting expansion of naloxone access Coffin and Sullivan, 2013; Davis and Carr, 2015; Haegerich et al., 2014) .
States have also enacted PDMP policies with the intention of promoting balance between adequate pain management options and prevention of harms associated with abuse of prescription opioids. PDMPs vary notably from state to state with respect to statement of purpose (e.g., overdose prevention, reduction of diversion, etc.), technical functionality, and laws regarding intended benefits Haffajee et al., 2015) . To date, nearly all evaluations of PDMP effects are observational, and findings regarding PDMP effectiveness in impacting proximal outcomes (e.g., promoting physician confidence in prescribing decisions, enhanced detection of abuse and diversion), as well as more distal outcomes (e.g., reducing overall prevalence of diversion and overdose) remain mixed (Griggs et al., 2015; Haegerich et al., 2014; Kolodny et al., 2015; McAllister et al., 2015; Rutkow et al., 2015; Reifler et al., 2012; Surratt et al., 2014; Thomas et al., 2014; Green et al., 2015) . Physician awareness, registration, and use of PDMPs generally remain low (Haffajee et al., 2015) ; however, mandated registration and use policies adopted by a growing number of states have demonstrated the potential to increase registration and use of PDMPs, resulting in subsequent reductions in doctor shopping, as well as reductions in the prescribing of some commonly abused opioids (PDMP Center of Excellence, 2014). Of note, some recent evidence suggests that these policies may have unintended consequences that impact the availability of opioids as a pain management option (Larrat et al., 2014; Scholten and Henningfield, 2016; Webster, 2013) . In addition to the potential undue training and practice burden being placed on physicians, it has been suggested enhanced monitoring of physician prescribing behavior may have unintended downstream consequences, including limiting physician and patient options for management of chronic pain via decreased access to prescription opioids, which, in combination with lack of access to effective identification and treatment of addiction, may be contributing to documented increases in heroin use (Delcher et al., 2015) . However, research in this area is generally correlative in nature and limited. Additional efforts are necessary to evaluate and the benefitrisk balance of the wide array of PDMP policies being implemented from state to state.
Insurer/payer policy
Insurers -particularly Centers for Medicare and Medicaid Services (CMS) -have begun efforts to leverage their medical and pharmacy claims data to identify "inappropriate" prescribing and potential prescription drug abuse by patients (Haegerich et al., 2014; Keast et al., 2015) . Patient review and restriction (i.e., lock-in), drug utilization review, prior authorization, and medicine quantity limits have been recommended as mechanisms for altering physician and patient behavior (Keast et al., 2015; Shoemaker et al., 2010) . Research evaluating the effectiveness of these strategies is scant and largely focused on outcomes of cost savings and healthcare utilization; however, the limited available evidence regarding insurer strategy impact on prescribing and use behavior does indicate promise (Haegerich et al., 2014; Keast et al., 2015) . Additional research is needed to enhance the quality of evidence by assessing the impact of insurer strategies on clinician pain management practices using appropriate comparison groups, including of long-term followup, and controlling for potential confounds.
Conclusions
As the high rates of prescription opioid overdoses continue in the United States, there is increased scrutiny on practitioners as the primary source of prescription opioids fueling this crisis. The CDC opioid prescribing guidelines are an essential step forward in highlighting the risks of opioid-based treatment in a poorly-understood condition that has a paucity of quality evidence about effective long-term treatment options. At the same time, efforts from state and federal policy-makers and payers have attempted to address this problem through voluntary and mandated physician education, required PDMP use, medication quantity limits, and naloxone access for overdose treatment. However, the effectiveness of guidelines and mandates on changing physician behavior or the impact on patient outcomes has not been well evaluated Lewis et al., 2014; Starrels et al., 2010) . Additionally, as more training and practice burden is placed on primary care practitioners to care for this complex patient population, it is unknown what effects the mandates, payer policies, and guidelines will have on clinician interest or feasibility to care for chronic pain patients, particularly those on opioids. Within the specialty medical areas, particularly postsurgical pain management, guidelines encouraging efforts to decrease the use of postoperative opioids when evidence-based (i.e., for dental procedures) and prevent the transition from acute opioid management to chronic opioid management could have outcomes that benefit both individual patients and the public at large.
While one of the results of recent guidelines and mandates will be a decrease in overall rates of opioid prescribing in the United States, it is not known what the impact of the decreased availability of opioids will have on patient pain and functional outcomes, addiction rates, or overdose deaths. As the pendulum swings away from opioid management for chronic pain, there continues to remain little evidence for effective long-term non-opioid chronic pain management options (outside of neuropathic pain), and limited access to specialty referrals for non-procedural, non-opioid pain management, including guideline-recommended nonpharmacologic treatments for chronic pain such as biopsychosocial rehabilitation, exercise therapy and cognitive behavioral therapy. There is an acute need for more research on safe and effective treatments for chronic pain as well as an increased multi-level focus on improving access to these non-pharmacologic and non-interventional treatments, so that these treatments, that tend to be more time-intensive and less-well reimbursed, can become mainstream, first-line interventions for chronic pain.
It is important to highlight the area of highest quality evidence in current pain guidelines, which are the effective treatments available for opioid use disorders (OUDs). Improving patient awareness of the treatments available for OUDs, decreasing stigma provider education about the recognition and management of OUDs, and reducing financial and logistical barriers to addiction care will improve access to life-saving treatments that could have the most immediate impact on opioid overdose mortality. Meanwhile, implementing other policy-and guideline-recommended risk-reduction measures, such as avoiding high risk opioid medications (e.g., methadone, fentanyl), avoiding high risk medication combinations (e.g., opioids and benzodiazepines), monitoring the risks of higher opioid doses, and checking state prescription databases are steps that all providers can take now to attempt to improve the safety of their patients on opioids, while researchers, policy-makers, and payers work towards long-term solutions for this national problem. As guidelines cannot take into account the individualized risk:benefit ratio for every patient, ultimate clinical decision-making comes back to the front-line providers, who have been challenged to overcome a multitude of barriers in improving individual patient-centered outcomes for people with this complex condition within the constraints of routine ambulatory care.
